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SPATIALLY-ADDRESSABLE IMMOBILIZATION OF OLIGONUCLEOTIDES 
AND OTHER BIOLOGICAL POLYMERS ON SURFACES 

BACKGROUND OF THE INVENTION 

V^^^^n reXates generaXXy to -eth ods 

useful for synthesizing and immobilizing 
and compositions userux to* x c „ r faces. 

ol i g onucXeotides or has 
pharmacology, and medical diagnostic technology. 

n ,,rri r H on of elated ^ attaching 
Many different methods are Known ^ 

hioXogicaX .oXeouXes to soXid supports. Enz 34 

, , « « jakobv and M. WalcneK, Acaa. *-j-«> / ^ 

«»< Bl oi 42 (ed. R. Duniap, Plenum Press, BY 1974), 
^SeT.Lxn by reference. - »— ' alS ° 
Ascribes a nu»ber of different «thoo. « attaching 
biol , X -XecuXes - — 1 I-^- 

*TT» a^nt " a^otocLicaXXy reactive aryXaside. 
TV1 of ^azide creates a reactive nitrene that reacts 
/^nLro^oXecuXes in soXution -uXtin g ^n the 
formation of a covaXent bond. The high reactivity of the 
nl^ene intermediate, however. resuXts in both Xow coupXxn, 
Efficiencies and Many potentiaXXy wanted products due to 
nonspecific reactions. 
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U.S. Patent No, 4,681,870 describes a method for 
introducing free amino or carboxyl groups onto a silica matrix; 
^groups »a y subsequently be covalently linked to a protexn 
in the presence of a carbodximide. Also, U.S. Patent No. 
^762,881 describes a method, for attaching a polypeptxde chaxn 
to a solid substrate by incorporating a light-sensxtxve 
unnatural amino acid group into the- polypeptide chain and 
exposing the product to low-energy ultraviolet lxght. ■ 

A variety of techniques have also been developed for 
attaching oligonucleotides to surfaces. For example, U.S. 
Patent No. 4,542,102 describes a method employxng a 
photochemically active reagent, (e.g. , a psoralen compound, and 
a coupling agent, which attaches the photoreagent. to the 
su^trate Photoactivation of the photoreagent binds a nuclexc 
acid sequence to the substrate to <rxve a surface-bound probe 
for a complements oligonucleotide. However, this method has 
low quantum yields in protic solvents, lacks spatxal 
directability, and relies upon initial affinity between the 
photoreagent and nucleic acids to bind the nuclexc acxds to the 
surface prior to photoactivation. . 

U.S. Patent No. 4,937,188 describes methods for 
forming maleimide-thiol linkages between a solid support and a 
molecular tether. In one example, thiol groups on -pbarose 
are reacted with maleimide groups on an UNA polymer, whxch 
serves as the tether, and the RNA polymer is reacted wxth a 
protein, also via a maleimide-thiol linkage. In another 
example, maleimide groups immobilized on a solxd support are. 
reacted with suifhydryl RNAse forming BNAse-agarose u s. 

Patent No. 5,011,770 describes the use of a malexmxde-ttxxol 
linkage to bind an ^ 2 yme label to a binding protexn whxch xn 
turn binds to single stranded DNA. The patent descrxbes that 
the binding protein can also be attached to a solid support^ 
The maleimide-thiol linkage is thus spatially separated, from 
the actual linkage between the peptide and the solxd support. 

PCT patent publication No. 90/07582 descrxbes 
polyacrylamide supports on wnic^ are immobilized 
oligonucleotides. The oligonucleotides are derxvatxzed at the 
5 '-termxnus with thiol groups that are . reacted with bromoacetyl 
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<-ne polvacrylamide support during the immobilization 

^pports on which oligonucleotides are xmmobUxzed via 
aithio of biologlcal on solid 

meaxcax y Patent No. 5,143,854, and the 

continuat^s-xn-part of J*at PP ^ ^ Decenbfir 

i 1 and 9 V100 92 to F odor ^ ~ ~ Ucation3 

incorporated herein by reference. In brier, ^ 
a^X methods and reagents for synthesizing very ^rge 
nu ^rs of different co-pounds. 

polymers, in distinct and spatially-addressable 
£ fvery small are. on a substrate. Another description of 
Z:^Z* is found in rodor e* . » >•£ 
251-.767-773, and the integration of the method «th ««« 
« discovery methods is described in Dower 

i al incorporated herein by reference. 

' decent approaches to genetic analysxs are 

increasingly placing importance on perf ^ 
hybridizations in an array format. Applxcatxons o J** 
narallel hybridization format include generatxng dxagnostxc 
parallel nyn^u _ Qgis of qenetic disorders 

.VXOM.. each of Which is ™* °* 
Seg. msd. 1» 375-388). In increases as the number of 
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ability t. automate and miniaturize the fabrication of 
the array . ^ ^ ^ ^ -etHods for 

attaching abroad range of anti-ligands ^^'^^T 
of a solid support surface. «,« methods should «'^"^ 
provide stable attachment of selected polymers to^ the 
Surface regions, yet attachment should be restricted to the 
a^eTregions 7 *ha present invention fulfills these and 
other needs- 

SUMMARY OF THE INVENTION 
Novel methods and compositions of matter are provided 
for synthesizing and immobilizing oligonucleotides and other 
biological polymers on predefined regions of a surface of a 
^ support. The method* involve attaching to the surf ace a 
thiol functional group protected witb a photochemxcal 

. rtat tbe thiol has very low reactxvxty for 

protecting group so that tne uucu ««* jt . ^ . , 

other functional groups reactive with thiols. The Protected 
thiol is converts by irradiation to a fully reactive thxol 
^le of immobilizing a desired biological P^T* £ * 
nucleic acid, protein, polysaccharide, - or a monomer 
bloc* for such polymers. Predefined regxons of the s ^* c * * r * 
selectively irradiated to convert the protected ^xolsxn the 
predefined regions to reactive thiol groups- The desired 
biological polymers (or monomer) subsequently can be 
immobilized on the activated regions of the surface. 

The spatial- addressability afforded by the method of 
the present invention allows the formation of patterned 

1 i,^in<x preselected reactivities. For example, by 
surfaces having preseieuucu . . 

using lithographic techniques Known in the semxconductor 
industry, litf* can be directed to relatively small and 
^xsel; ^cwn locations on the surface. 
Lvention can be used to activate discrete, predetermined 
Z£Z on the surface for attachment of biological polymers. 
The resulting surface will have a variety 6f uses^ For 
example, direct binding assays can be performed xn which 
"oleic acids in a sample can b* simultaneously tested for 
affinity to a number of different oligonucleotxde probes 
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attach to the surface. Binding can £LL, 
technique such as autoradiography vhen cne of the bxnding 
tecnniqu labelled, alternatively, 

"° ietleS ". ^ oS measuring techniques can be used to 
auorescence »d optxcal ^ locations ^ amount of 

£T.r^£-. - - simultaneously screen ligands for 

affinity to a plurality of anti-ligands. 

Thus! the present invention provides methods for 

v. -.rfi™. arrays of bionolecules using photolithographic 

ZZZ^Tll ~thod obviates the n.e d to separate reactants 
^aSa^y because the substrate is unreactive ntU =P*«*" 
sl^eslre activated with light. In one embodiment, the method 
sites are active ^^iiization of oligonucleotides 

involves the light-directed xmmobxlxzatxon o * 

- ^ 0 -4 va tized with a caged thiol reagent. 

ZZZZ ~ r f^te large arrays of oligonucleotide 

probes. nature and advantages 

A further understanding of the nature «u 

, n„«^ v»v reference to the remaining 

of the invention may be realized by reference 

portions of the specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 presents the results of fluorescence 
excitation scanning of a slide on which a 

oligonucleotides have been immobilized through covalent linkage 
to Liol groups on the slide, the results show that 
oligonucleotides activated with succinimidyl 6- 
^eimidylhexanoate are preferred for coupling to ^ thiol 
"oup-containing solid supports of the present invention (see 
Example 3>.^ 2 ^ Qf fluorescence 

excitation scanning of a slide on which oligonucleotides have 

IZ immobilized through covalent linkage ~^£71ZL 

~ different additives; the results 
4-^^ elide in the presence of ditierenx- 

Z.~ the anionic. -~£*Z^ZZT " 
; not appear to enhance couplxng efficiency, TO 

ftrimethylammonium chloride) and LiCl give a moderate 
enn«nt in coupling efficiency; and the cationxc detergent 
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raM ca^e* a large enhancement in cousin, efficiency at 
relatively low concentrations (see Example 4> . 

DEiam m DESCRIPTION OF THE PREFERRED EBBODXMEHTS 
^nTfollowing terms have the following meanings and 

"~~^Z2Tu "anfgenerally two-dimensional structure 
on a solid substrate and may have steps, ridges, kinks, 
terraces and the like without ceasing to he a surface. 

-Predefined Beg**" is a localized area on a surface 
which is or is intended to he activated. The P^«™°" 
* y nave any convenient Shane, e.g., circular, rectangular. 

^^crosslinkin, croup- is a Afunctional chemical 

that serves to connect a binding member to a surface. 

different chemical reactivities on either end or 

9r ° UP " -Biological Polymer- is a compound composed of 
m „nomeric units linked to one another that has 
activity or is reactive with a compound that has biological 
acuity Kucleic acids such as RK* and DKa are biological 
ZT^l'. and peptides, proteins, and also 
: biological polymers. Synthetic, non-naturally occurring 
Vomers can be used to construct a biological polymer. For 
i^ce, carbamates, phosphonates, sulfonamides, and 
slides are examples of monomers that can be used to 

, — ' ^5^r rmolec^e or a oomples cf mollies 
that has an affinity for a given ligand and can be immobilized 
Tl Predefined region of a surface, anti-ligands may be 
"tural^occurring or synthetic molecules- Anti-ligands can 
^femptoyed in an unaltered state or as aggregates with other 
be employ ^ reversihly attached, covalently 

5 ^"ova^y hindin, member, either directly or via a 

ZZZTZZ'Z*"-- "^sibly attached- means that 
Z binLg of L anti-ligand <or specific binding member or 
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1<t ,and> is reversible and has. therefore, a substantially non- 
teTreverse or unbinding, rate, such reverslbie 
^arlse from noncovalent interactions, such as 
ZZ van der «aals forces, hydrophobic (i.e.. entropic, 
™' Z the like. Furthermore. reversible attachments 
"sTmay arise from certain, but not .11, covalent bonding 
-actions Staples include, but are not limited to. 

» - formation of -ia^s ^.tals^nes. 
acetals, ketals, and the like (See, Morrison si aj,., fiEBDiE 
SemtLk" 2nd ed. , Ch. 19 C»6«> . iB incorporated 

JSfS Terence,. Exiles of anti-ligands that can be 
ployed in the practice of the present invention include^ 
3 are not restricted to, receptors, such as cell membrane 
ITL l. of B-cells, T-cells, and macrophages, receptors, 
polyclonal and monoclonal antibodies, and antisera reactive 
^ specific antigenic determinants (sue* as on -ruses. 
«Ss, or other materials,, hormones, drugs, oligonucleotides. 
~ P tides. enzymes, lectins, sugars, oligosaccharides, cells, 
^Ilular membranes, cellular membrane transport proteins, and 
organelles. ^ ^ recog nized by 

a articular anti-ligand. Examples of ligands that can be. 
Investigated with the present invention include, but are not 
restrtcLd to, agonists and antagonists for cell membrane 
receotorf toxins and venoms, antigenic determinants, such as 
receptors, toxins steroids, peptides, enzyme 

viral epitopes, hormones, opiates, sterol , f «• 
substrates, cofactors, drugs, lectins, sugars, 
oligonucleotides, oligosaccharides, and proteins. 

the present invention provides methods for 
predefined regions on a surface of a solid support wherein the 
predefined regions comprise caged thiol 

Activated and then used to immobilize ligands and/or antl 
trends The caged thiols attached to the surface can be 
selectl^activated in predefined regions via "valef 
llnk^es The activated thiols are then used to immobilize 
, linkages. The ^ preaeflne d regions of the 

r^'r^rocldure can be rented at the same or 
different sites on the surface so as to provide a surface with 
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a plurality of regions containing? the same or 
or anti-ligands. When the anti-ligands have a partxcular 
affinity forone or more ligands, screenings and assays for the 
ligands can be conducted in the regions, of the surface 
containing the anti-ligands. 

The present method employs novel caged thxols 
attached to the substrate. Caged (unactivated> thiols have 
relatively low reactivity with functional groups Really 
reactive with thiols when compared with uncaged thxols. Thus, 
the caged thiols are protected until a suitable source of 
energy is applied to the regions of the surface to be 
activated. Upon application of a suitable energy source, the 
. caging groups labilize,- thereby presenting the thxol. 

Typically, the energy source will be light. Once the thxols on 

surface are activated, the thiols can be attached to and 
reacted with a biological polymer of interest, typically a 
nucleic acid or other anti-ligand. 

Prior to activation, however, the thiol groups on the 
surface are -caged- with a protecting group. The protecting 
groups can either be attached to the compounds carryxng the ■ 
thiol functional group after those compounds have been attached 
to the surface or, more preferably, the protecting groups wxll 
be attached to the compounds carrying the thiol functional 
group prior to attaching the thiol functional group to the 
surface. Surface attachment of compounds carrying a thxol 
group or protected thiol group can be effected through the use 
of crosslinking groups. The crosslinking groups wxll usually, 
though not always, be- heterobifunctional chemical specxes 
having- a first reactivity that permits the crosslxnkxng group 
to bind readily to the surface and a second reactxvxty that 
permits the crosslinking group to *ind- readily vxth compounds 
carrying a thiol group or protected thiol group. 

• As noted above, predefined regions on the surface can 
be activated for ultimate immobilization of anti-ligands in the 
predefined regions by selectively irradiating predef xned 
regions to convert photoactivatable thiol 

predefined region to fully .reactive: thiol groups. The free 
protecting group may or may not undergo decompositxon 
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reactions. The byproduct* of irradiation of the protecting 
group will usually be washed from the surface if the byproducts 
interfere with subsequent reactions. 

An immobilized anti-ligand on a surface will have a 
specific binding affinity for a particular ligand. If a 
surface comprising immobilized anti-ligands is exposed to a 
labeled ligand under conditions conducive to ligand binding to 
anti-ligand, then the resulting surface can be washed free of 
unbound ligand and analyzed for the presence of labeled ligand. 
The labels will provide markers localized at the predefined 
regions on the surface corresponding to the presence of anti- 
ligands for the ligand at those predefined regions. The 
presence of target ligand can be determined by analyzing 
appropriately for the loss or buildup of label on the 
predefined regions of the surface. 

To prepare the surface comprising immobilized 
biological polymers of the invention, one first selects a 
substrate for surface modification. Virtually any solid 
substrate can be employed in the method of the invention. The 
substrate can be biological, nonbiological , organic, inorganic, 
or a combination of any of these materials, existing as 
particles, strands, precipitates, gels, sheets, tubing, 
spheres, containers, capillaries, -pads, slices, films, plates 
slides etc. The substrate can have any convenient shape, such 
as a disc, square, sphere, circle, etc. The substrate and the 
surface of the substrate preferably form a rigid support on 
which to carry out the reactions described herein. 

The substrate and the surface should also be chosen 
to provide appropriate light-absorbing characteristics. For 
instance, the substrate can be a polymerized Langmuir Blodgett 
film, functionalized glass, Si, Ge, GaAs, GaP, Sic 2 , SiN 4 , 
modified silicon, or any one of a wide variety of polymers such 
as (poly)tetrafluoroethylene, (poly)vinylidenedifluoride, or 
combinations thereof. Other substrate materials will be 
readily apparent to those of skill in the art upon review of 
this disclosure. In a preferred embodiment the substrate is 
flat glass or single-crystal silicon with surface features of 
less than 10 angstroms. 
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Surfaces on the solid substrate will usually, though 
not always, he composed of the same Serial as the substrate. 
L, the surface may be composed of any of a wxde varxety of 
materials, for example, polymers, plastics 
polysaccharides, silica or silica-based materxals -rbon 
Petals, inorganic glasses, Cranes, etc., provided on^that 
caged thiols can be attached to the surface of the substrate. 
Preferably, the surf ace will contain reactive groups, whxch 
could be carboxyl, amino, hydroxyl, or the liKe. Most 
preferably, the surf ace will be optically transparent and wxll 
have surface Si-OH functionalities, such as- are found on 

silica sTirfaces. , 
The surface of the substrate' is preferably previa.* 
with a layer of crosslink groups, although one of ordinary 
sfctll viix understand that the crosslinking groups are not 
^ired eiements of the invention. The crosslinking groups 
^preferably of sufficient length to permit ^J™**™ 
the surface, as well as biological polym«s covalently attached 
to the thiol groups, to interact freely with compounds in 
solution, crosslinking groups can be selected, from any 
suitable class of compounds, for example, aryl acetylenes, 
ethylene glycol oligomer, containing two to ten monomer unrtt, 
diamines, diacids, amino acids, or combinations thereof . Other 
crosslink groups may be used in view of this 

crosslinking groups can be attached to the surface by 
a variety of methods that are readily apparent to one navmg 
Bldll in the art. For example, crosslinking groups may be 
attached to the surface by siloxane *onds formed via reactions 
of crosslinking groups bearing trichlorosilyl or trisalkoxy 
groups with hydroxyl groups on the surface of the substrate. 
Lferably, the crosslinking gr=«P used with a glass surface is 
^-a^nopropyltriethoxysilane. The crosslinking groups can 

optionally be attached in an ordered ^'^•"J"*' 
the head groups in a polymerized Langmuir Blodgett film. 
, Clearly, the type of crosslinking group selected, and the 
.ethod selected for attaching the crosslinks group to the 
surface, will depend primarily on the crosslinking group having 
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suitable reactivity with the expound carrying the thioX group 
desired to be attached to the surface. 

additional length may be added to the crossing 
groups by the addition of single or multiple linking groups, 
lucn linLg groups are preferably hetercbifunctional. having 
Z enTaoaptea to react with the crosslink, groups and 
r t :e r e^ adapted to react with the compound carrying thethioi 
-roup or another linking group, *he linking groups may be 
Cached by a variety of methods that are readily apparent to 
, c^Stlled in the art. for instance, by esterification or 
, one skillea in ^ivated ester of the linking group 

amidation reactions of an activated esrer 
with a reactive hydro*yl or amine on the free end of the 
crosslinking group. * preferred linking group is »-BOC^ 
aminocaproic acid (or H-^HS-aminohesanolc acid) 
5 the BOP-activated ester. -f*« deprotec tl o„ to 

free amine terminus, another H-BOC-aminocaproic linker can be 
aaded. Attachment of crosslinkin, and linking groups to caged 
thiol compounds are discussed more fully below. 

Hany methods are available for immobilizing the 
„ impound crying the thiol group of the present ™ 
surfaces. The compound carrying the thiol group can be linked 
to the surface and later provided with protecting (cagi no, 
^oups. More preferably, compounds ^ryingthe t^ol^oup 
will be attached to the surface in a protected for.. The 
„ method chosen for linking the compound carrying 

carrying the thiol group of the present invention involves 
,„ ctemlca! derivation or activation of the caged compound 

casing the thiol group prior to attachment to the surface or 

Unker ' This derivative or activated species is then reacted 
with functionalities on the substrate to give the desired 

the surface and provides a group that reacts with an activated 
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compound carrying the thiol group. M ^ t ^ ly ' I ^ i „ „ 
eJLces can he activated vith cyanogen bromide ^"^'^ 
= carbodiimide or other activating agent, for 
grotpTthe surface can he coupled to a 

s S ^? ~ — — 

tiLe immobilization* rtiol 
in one einbodiment, the compound carrying the thiol 
group is a caged cysteine, or .other tbiol-containing synthetic 
r^t^ amino acid, such compounds are useful in a wide 
10 var^yTf applications, for instance, one could carry out 
" amino Lia addition on either the a^no or carhop groups 
oTthe protected cysteine a>* then, photoactiva^n, 
IrivatLe the side chain of the cysteine residue. Such 
S^nLues vill often employ different classes of protecting 
15 one can -edify the immobilised molecules at 

Afferent reactive groups. These techniques incl^ 
cyclisation, where the cycltsation step is controlled by the 
^ of protecting groups on the two amino acid rescues 
^ergoL, cycliaation that are different fro. the P""^* 
unaergOM9 •„« ,=ld residues that are not to be cyclised. See 
20 groups on amino acid residues^ Hove mber 22, 

patent application serial ^ „ f ^ is 

1991, and 946,239, filed September 16, 1992, eacn or 
incorporated herein by reference. 

Many different protecting (caging) groups can be 
25 employed for modifying thiol groups to give the <~**""° ls 
the present invention. The protecting groups. should be 
sterlcally large enough to reduce the ^T^'f^e 
thiol with other substances to permit operabilrty of the 
Sventlont although protecting groups utilizing other types of 
in o.' electronic; hydrophobic, etc., could be 

30 rrr^ST- ^Ttable'cag^g groups will dependupon 
^ sise and chemical nature of the expound 

^ cnosen and will- be readily apparent to one sKilled in the 

, s The caging groups axe photoactivatable. The 

properties and uses of photoreactive caged compounds have been 

18=239-270, which is incorporated herein by reference. 
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Preferably, the photosensitive cages will be activatable by low 
™ ultraviolet or visible light. Many, although not all. 
energy m aromatic compounds, 

of the photosensitive protecting groups are aroma f 
or me P u __te-tina groups are also described 

Suitable photoremovable protecting group 0 ,. 6 ,, 3 
in tor example, PatchomiX, 1970 , 2. »■ flb». Sas- 22-6333, 
£ et al., 1974, 2- ». She,. 3*192, which are 

tncorporaled herein by reference, see also. Calbiochem 
catalog (San Diego, C*, 1989), pp. 244-247, incorporated herein 
bHerlrence. More preferably, the photosensitive protecting 

wm be a nitro benzylic compound, such as o-nitrobensyl 
or bensylsulfonyl groups. In a preferred embodiment, «- 
"t^veratryloxycarbonyl (HVOC, , 6-nitropiperonyloxycarbonyl 
^poc), alpha, alpha-dimethyldimethcxybenzyloxycarbonyl (»>, 
methyl 6-nitroveratrylosycarbonyl (HenVOC) , "eW^ . 
nitropiperonyloxycarbonyl (BeBPOC) , or x-pyrenylmethyl is 

CTPl ° y * d " cl . arly , many photosensitive protecting groups are 
suitable for use in the present method, some examples of 
acceptable photosensitive protecting groups are presented in 
Tallft below, together with their corresponding wavelengths 

for deprotection* 

Table 1 
Protect ^g Groups 

^ roup w ^ /Mvnr^ UV (300-350 nm) 

6-nitrovcratryloxycarbonyl (NVOC) 

^yldimetho^ylo^rbonyl o-» - - 

Udro^-alpha-methyl-cinnamoy^HMC, £ - nm, 

2-oxymethylene anthraguinone (OMA) u I 

once the surface is covered with a plurality of caged 
thiol groups, selected regions of the surface may be irradiated 
to provide free thiols on the surface. » a P«*~"< 
emblument. the radiation is w. near IR, or visible light. 

light source may be coherent or noncoherent. In seme 
^odiLnts. the exposed area is less than about 1 cm* or less 
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tban about 1 mm*, m preferred embodiments the xrradiat*d a»a 
^ b. composed of a pattern - smaller, discrete 
areas. eaTof which is less than about 10,000 ^ or -ore 
preferably, less than about 100 p*. Preferably, each 
5 syndesis site in the pattern is about ^ -~ 

atf. spaces between activated regions are not optional and if 
used, Jill generally be greater than about 1 ^ Exposure of 
the surface to ligbt will typically be carrxed out » tM 
suitable mask using photolithographic techniques well known in 
10 the semiconductor industry and described in, for example^, 
£sl ^chnoloay.. McGraw-Hill (1.S3.,, which is incorporated 
n^ein by reference, see U.S. Patent Ho. S,l«,834, 

In one e-bodiment, the Bask is a transparent support 
material coated with a layer of opaque material (i.e., chro*e- 
!5 ptaS glass, . Portions of the opague material are removed <or 
nevef deposiU , leaving a pattern that matches the precxse 
pattern desired on tbe substrate surf ace. Alternatxvelythe 
Lsk can be a sheet or film composed of a non-transparent 
substance (i.e., anodised aluminum* ,- which sheet or £xl» has 
20 been perforated in the desired pattern. The mask.xs brought 
into close proximity with or directly - into contact with the 
^Lc. openings in the mask correspond to locations on the 
surface one desires to photoremove protecting group* , from 
thiol groups- Alignment may be performed using conventional 
25 alignment techniques in which alignment marks are used to 

overlay accurately successive masks with previous patterning 
steps, other alignment techniques may be used, for example, 
interferometric techniques such as the one described xn ^ 
Wanoers 1*77, ». - 
30 incorporated herein by reference. , ." ,.„„ 

To enhance contrast of light applied to the 
substrate, one may place contrast enhancement materials between 
the mask and the substrate. This contrast enhancement layer 
may comprise a molecule, such as ^uinone dxasxde, which is 
35 decomposed by light. " The light may be from a «-»-*"»* f 
incandescent source, an arc lamp, a laser, * 
noncoherent sources of light are used, one may utilise a thick 
or multi-layered -ask to prevent spreading of the light on the 
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h , rat e Generaily. lasers »ay be preferable, because lasers 
substrate. GenerclAAJ ' imlarlv suited for a 

can more easily provide wavelengths particularly 

chromophore of the P^-^.^ated primarily herein 

^Ue the ^™;^^Zs* to illuminate the 
by way of the use of a Ixght sour and ^ 
substrate, other techniques may also be used. or 
s^trate may be -ateaor^ ^"L^l in, for 
diod e light source- Such = — ^ ±& 

example U S. Patent may be irradia ted either xn 

, herexn by reference. T solution but usually is 

contact with or not xn contact wxxai 
irradiated in contact with a solutxon. 

xrradxated ^ prevent 

. <- ^ irradiation from interfering with subsequent 
products of ^ adX ^ h n byproducts might include, for example, 
5 ^I^nJ^Zny, -pounds, styrene derivatives, 
carbon dxoxxde, m« of ^ pho tochemical reactions 

form hydroxamate plus C0 2 ) . Prererauxy, 

^ii -.^^x-^r" srrr-^ - 

25 'byproducts - no, interne witb 

~ reacti :r=; nation - - * ^r^r 

lig >t pattern can be Oan,ea ^^[^T^ 

30 lUand. ligand. poller, or B ono»« can be^ 

discrete sites on the surface. Ant! e ^ oalMmt , a 

acids are especially ^; u ^ P ^ torf on a 
plurality of nuclexc a«d to tte 

surface by first attachxng photoreactxve c y 

f c ! The caged thiols on a predefined region of the 

35 surface. The caged reacti ve thiol groups, 

surface are exposed to light to g ^ ^ ^ 

The reactive thxol groups on uiP an ti-ligand to be 

incubated with a first activated nuclexc acxd antx Ixgan 
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immobilized, the surface is washed free of unreached ^uclexc 
acid, and the surface is incubated with a desired lxgand. The 
exact incubation conditions, e.g., time, temperature, P H, etc., 
will depend upon the spfccies used and will be readily apparent 
to one skilled in the art. After washing the surface free of 
unbound nucleic acid, the above steps can be repeated on a 
different region of the surface with a different nuclexc acxd. 
in this fashion, a small, dense array of, e.g., oligonucleotide 

probes, can be prepared. 

A surface prepared according to the methods described 
above can be used to screen for ligands having high affinity 
for immobilized anti-ligands. Screening can be performed by 
immobilizing a plurality of anti-ligands on predefined regions 
of a surface by the methods described above. A solutxon 
containing a marked labelled) ligand is introduced to the 
surface and incubated for a suitable period of txme. The 
surface is then washed free of unbound ligand, and the antx- 
ligands having high affinity for the ligand are identified by 
identifying those regions on the surface where markers are 
located, suitable markers include, but are not limited to, 
radiolabels, chromophores, fluorophores, chemiluminescent 
moieties, and transition metals.. When autoradiography xs the 
detection method used, the marker is a radioactive label, such 
as 32 P Th e marker on the surf ace is exposed to X-ray fxlm, 
which is developed and read out on a scanner. An exposure txme 
in the -range of 1 to 24 hours is typical. Fluorescence 
detection using a fiuorophore label, such as fluorescein, 
attached to the ligand will usually require much shorter 
exposure times. Alternatively, the presence of ligands may 
be detected using, a variety of other techniques, such as an 
assay with a labelled enzyme, antibody, or the like. Other 
techniques using various marker systems for detecting bound 
ligand will be readily apparent to those skilled in the art. 
See U.S. Patent No. 5,143,854. 

in a preferred embodiment, a substrate prepared as 
discussed above can be exposed to a solution containing one or 
more ligands such as nucleic acids. The ligand can be labeled 
in any of a variety of ways, but in one embodiment, the Ixgand 
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is an oligonucleotide probe having a radioactive <« 

Jabel The ligand nucleic acid binds (hybridises, with high 

affinity^ an immobilized nucleic acid previously located on 

the surface and to the complementary labeled probe. 

ZrZ a«=n conditions are Known in the art. but the arrays 

of the invention allow one to use very small volumes of target 

containing solution for analysis, m fact, by using 

micropipettes to deliver very small volumes (l.e 1 1»» ^ 

or less) very precisely, one can allow evaporation to drive 

hybridization. After washing the surface free of 

nonspecif ically bound ligand and labeled probe the surface 

is placed proximate to X-ray film, if a radioactive label 

is employed, to identify the nucleic acids on the surface 

complementary to the nucleic acid ligand. Alternatively, 

, fluorescent label can be used, and detection can be 

with . charge-coupled device (CCD) , fluorescence 
microcopy or laser scanning. A related labeling technique 
ZZ JlL* use of a labeled probe in "lution ^at «H 
hybridize with the target nucleic acid ligand without 
interferring with hybridization of the ligand to the 

immobilized probe* . 

in another embodiment useful for performing many 
oarallel hybridization reactions in solution in a single 
reaction vessel using an immobilized array of *°*-~~ 
a set of capture probes in solution. The capture probes are 
designed to have a sequence complementary to the target 
sequence to be detected and a sequence complementary to an 
immobilized probe located at one or more 

tle surfac e of the substrate. In this system, either the 
^ture Probe is labeled or another labeled probe complementary 
TZ target sequence to be detected is employed. This system 
allows the hybridization of probe to target sequence to be 
cfrrled^ut In solution, because the immobilized probe array 
aces not have to be (but can be, if desired, present in the 
reaction mixture during hybridization of the capture 
Z target sequence. This system also allows one to design the 
sequence, the complementary sequence of nucleotides in 
Z Immobilized probe and the capture probe, without constraint 
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from the target sequence. These advantages allow one to 
perform an assay for many different target nucleic 
simultaneously and yet still identify Aether any particular 
target nucleic acid is present in the sample tested. 
5 Quantitative assays for ligand concentrations can 

also be performed according to the present invention In a 
direct assay method, the surf ace containing localized antx- 
ligands prepared as described above is incubated wxth a 
solution containing a labeled ligand for a suitable perxod of 
10 time. The surf ace is then washed free of unbound Ixgand The 
^unt of label present at predefined ^gions^of the surf ace is 
then measured, and can be . related to the amount of Ixgand xn 
solution. Methods and conditions for performxng such assays 
are well-known and are presented in, for example, Hood et al. , 
15 Ssnunology (Benjamin/Cummiugs X978) and Harlow et al,, 

'^tibodi2: A i^Z mmiL (Cold Spring Harbpr Moratory 
1988) , each of which is incorporated herein by reference. See 
also U.S. Patent No. 4,376,110, incorporated herein by 
reference, for methods of performxng sandwich assays. The 
20 precise conditions for performing these steps will be apparent 

to one skilled in the art. „ 
A competitive assay method can also be employed usxng 
the methods and reagents of the present invention. Such a 
method involves immobilizing anti-ligands on predefined regxons 
of a surface as described above.. An unmarked Ixgand xs then 
bound to anti-ligands on the surf ace having specxf xc bxndxng 
affinity for the ligand. A solution containing marked Ixgand 
is then introduced to the surface and incubated for a -xtable 
time The surface is then washed free of unbound reagents, and 
the amount of marker remaining on the surface is measured 
Alternatively, marked and unmarked ligand can be exposed to the 
surface simultaneously. The amount of marker remainxng on 
Refined regions of the surface can be related to the amount 
of unknown ligand in solution. 

The invention is illustrated in the Examples below 
primarily with reference to the identification of specific 
nucleic acid sequences in a sample. The inventxon wxll, ^ 
however, find many other uses. For example, the xnventxon can 
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be used in information storage (e.g.. on optxcal dxsKs). 
production of molecular electronic devices, ^"t^Lti- 
stationary phases in separation sciences, and in xmmobxlxsatxon 
of cells proteins, lectins, nucleic acids, polysaccharides and 
. luL in any desired pattern on a surface via molecular 

recognition of a specific anti-ligand linked via a thiol group 

t0 8 ~ "L^t^U- - -tended to he iUustrative 
and not restrictive. Many embodiments will be apparent to 

„ rnose of sWll in the art upon reviewing the above description 
Z scope of the invention should, therefore, be determxned not 
wxth reference to the above description or the following 
samples, but should instead be determined with reference to 
fended claims, along with the full scope of egulvalents 

15 to which such claims are entitled. 

rr _ r -^^ n r .nbr— ™« nmim -rtPT-lvarl Surface , 
» Pr ft r»ar? ^<^ Suh<;trat.» Surface, 

- commercially available glass microscope slides (for 

example 1" x 3- smooth cut, 0.7 mm thicK, anti-scratch coated 
s^es or a- x 3- smooth cut, 0.7 « thfc*, anti-scratch coated 
slides from Erie Scientific) were derivatized with t-BOC- 
aminopropyltriethoxy silane in substantial accordance wxth the 
procedure described in J. C h romatography 22:33 (1974) , 
incorporated herein by reference. 

Thus, the slides were cleaned by soakxng xn 10% Mxcro 
detergent (Baxter), individually scrubbed, and immersed xn 
dSonlfed water. The slides were then subjected to a 10 mxnute 
sonication in a 70*C solution of 10% Micro detergent -d -xnsed 
ten times with deionized water. This process was followed by a 
ten txmes wx*n solution of 10% (w/v) NaOH. 

three minute xmmersxon xn a 70 c soxu . 
The slides were then rinsed ten times with dexonxzed water, and 
Sin immersed for one minute in 1% HC1. The slides were then 
^ain rinsed ten times with deionized water, and then sheeted 
Tano^er 10 minute sonication in 70-c deionized water, after 
HZ the slides were rinsed three to four times in dexonxzed 
water. The slides were then ethanol rinsed and drxed wxth 
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nitrogen or argon. The slides were then inspected visually for 
spots and scratches in a yellow light with a black background, 
and any slides that were scratched or spotted or that still 
retained the anti-scratch coating were either discarded or 
recleaned. 

An alternate or additional cleaning procedure is 
carried out as follows. The slides are loaded into teflon 
racks and subjected to a thirty minute immersion in a solution 
composed of Nochrqmix (Aldrich) with 36 g/L of concentrated 
sulfuric acid (which can be regenerated if discolored) that has 
been filtered (glass fiber filter) to remove particulate 
matter. Occasional agitation is provided during the thirty 
minute immersion step. The slides are then rinsed for one 
minute in deionized water with vigorous agitation. The slides 
are then placed for ten minutes in a rinse tank with 14 psi 
argon or nitrogen bubbling, a full open deionized water tap, 
and occasional agitation. 

The slides are then immersed for three minutes in a 
70 °C solution of 10% (w/v) NaOH, followed by a one minute rinse 
with deionized water and vigorous agitation, followed by a ten 
minute rinse in a rinse tank. The slides are then immersed for 
one minute in 1% HC1 and then rinsed for five minutes in a 
rinse tank. The slides are then ethanol rinsed, dried with 
nitrogen or argon, and inspected visually for spots and 
scratches. 

The t-BOC amirtopropyl derivatization is carried out 
as follows. The slides are loaded into plastic staining jars, 
with about nine slides per jar. Preferably, the slides are 
completely dry when placed in the staining jars, and the 
silation reagents are added as follows. The. silation reagent 
is a premixed solution of a lslO molar ratio of t-BOC- 
aminopropyltriethoxysilanerinethyltriethoxysilane (i.e., 1 mL of 

t-BOC-aminopropyltriethoxysilane and 5.86 mL of 
methyltriethoxysilane, which is kept anhydrous and stored under 
argon) . The silation reagent is diluted to 1% (v/v) in 
dichloromethane (DCM) , mixed well, and 60 mL of the diluted 
silation reagent are added to each jar. The jars are capped 
and incubated overnight at room temperature. Then, the slides 
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are removed from the jar, rinsed first with DCM and then wxth 
toluene and then dried immediately with argon. The slides are 
then loaded onto glass drying racks, inspected for 
allowed to stand for approximately thirty minutes. The slxdes 
5 are then baked for one hour in a 100 -c oven with the glass 

racks in metal trays covered with foil. The oven should be no 
hotter than 110 -C. The slides are then cooled and optionally 
numbered with an engraving tool. 

• The slides, prepared as described above, were then 
10 incubated at room temperature in a solution of 50% 

trif luoroacetic acid/50% DCM for forty minutes to remove the t- 
boc protecting group. After being washed sequentially with DCM 
and then twice with a solution of 5% diisopropylethylamxne 
(DIEA) in methylene chloride for 5- minutes each wash, the 
15 slides were then washed with methylene chloride, then wxth 

ethanol, and then the slides were dried with argon. The slxdes 
were derivatized within one hour of drying. 

P ^^tnnn o f im-.i-nveratrvl thiolproplonic Acid 
20 Nitroveratrylthiolpropionic acid was prepared in 

substantial accordance with the protocols set forth in 
Patchomikei ai., 21 Oct. 1970, J. Am. Cijem. §oc. 12(21): 6333- 
6335, incorporated herein by reference. 

About 500 mg (0.0018 moles) of bromonitroveratryl 
25 (NVBr) were added to a solution containing 160 (0.0018 
moles) of thiolpropionic acid (HSCH 2 CH 2 C0 2 H) , 6 mL of 
dimethylformamide (DMF) , and 364 mg (0.0036 moles) of 
triethylamine (Et 3 N) . After about five minutes, a precxpxtate 
-(Et 3 N + HBr) formed, and the reaction was deemed complete after 
30 analysis with thin layer chromatography (TLC in 10% 

methanol/dichloromethane) . The reaction mixture was then 
diluted with 100 ml. of methylene chloride and washed with 50 mL 
of 1 N NaOH. The aqueous phase was separated, acidified with 1 
H HC1, extracted with methylene chloride, and then the organxc 
35 layer was dried (Na 2 S0 4 ) , and -then rotary evaporated to 

dryness. About 0.54 g of nitroveratrylthiolpropionxc acxd was 
obtained. The product can be further purified by dissolving 
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the product in ethanol, adding five volumes of water, and 
collecting the needle-shaped crystals by filtration. 

- ^ r ^~ ^ ^^^inltimril-mlr Arid to Substrate 

Surface 

A solution composed of 60 mg of 
nitroveratrylthiolpropionic acid, 70 j* of DIEA, 29.8 mg of 
HOBT (i-hydroxybenzotriazole hydrate), and 0.2 ml, of IMF was 
mixed at room temperature for 10 minutes with a solutxon 
composed of 88.5 mg of BOP (benzotriazol-l-yloxytrxs- 
Cdimethylamino) phosphonium hexafluorophosphate) and 0.2 mL of 
DMF. The resulting mixture was then diluted with 1.6 mL of 
DMF,- and about 0.5 ml. of the resulting mixture was applied to 
each 1" x 3» slide, The slides were then immersed with a 3:1 
(v/v) solution of pyridine:acetic anhydride with 0,1% DMAP (4- 
dimethylaminopyridine). The resulting slides were then used xn 
the coupling and hybridization experiments described below. 

rev-am ple 2 

~* Tn„ore S< ~ *~ M^midP to Sii^trate Surface 
A glass microscope slide- prepared as described xn 
Example 1C was mounted on a flow cell and illuminated through 
a 500 tm x 500 Ana checkerboard-pattern mas* (Photo Sciences 
inc. , Torrance, CA) using broad-band UV/blue light. Thxs 
pattern was repeated in triplicate on each slide, and the 
illumination was carried out so that one region underwent a 
four minute photolysis, a second region underwent a two mxnute 
hydrolysis, and a third region underwent a one minute 
photolysis. The light source was a 500 w Mercury arc lamp 
(Oriel Model 87330) equipped with a 350 nm - 450 nm dichroxc 
reflector that produced actinic light having an intensity of 12 
mW/cm 2 as measured through a 360 nm bandpass filter. The 
derivatized surface was photolyzed in flowing dioxane for 15 
minutes and then rinsed in ethanol and dried with argon. 

About 4.3 mg of fluorescein maleimide (Molecular 
Probe) were dissolved in ±0 mL of warm DMF to obtain a one mM 
solution of fluorescein maleimide. This solution was allowed 
to cool to room temperature, and then the slide was immersed xn 
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the solution and incubated at room temperature for two hours 
Ttb gentle agitation. The slide was then removed 
"option and rinsed sequentially with MF. ethancl, 
oSoride, and again with ethanol. and then the slide was dried 
with argon^ ^ ^ ^ ^ ^^^^ fluorescence 

horoscope (Zeiss Axiosxop equipped with a Newport Model PM500- 
0 motion controls, a Spectra-Physics Model 2020 ^<>»-™ 
laser producing a 488 nm citation light; and a 520 nm long- 
paTern^Ion 5ut«, interfaced with a ^"^'J^ 
* H amamatsu Model 940,-02 photomultiplier, Stanford Research 
system Model 8R445 amplifier and Model SR430 multichannel 
scaler. IBM compatihle PC, to generate a " ' 

consisting of fluorescence intensity data as a 
position. The results of this analysis revealed the pattern 
Illuminated and dark squares expected from the fluorescein 
malei*dde coupling to the deprotected thiol groups x» the 
illuminated squares. This experiment demonstrates that the 
Pfcotochemically protected thiols are competent for coupling to 
a maleimide-containing compound after photodeprotection. 

Tivam ple 3 

rnir , ^ ^ ni^nnuclonl-i^n with Thi ol -reactive 
^ r ~, T o *-n Subst^-^p surface 
This example shows the results of a test for the 
effectiveness of several different thiol-reactive groups that, 
Attached to an oligonucleotide, enahle covalent coupling 
to thiol-derivatized glass slides. 

• A s'-fluoresceinated 3'-C6-amino oligonucleotide 
probe (designated CAP2, which was prepared using the Clonetech 
reagent 3 • -C6-amino-modif ier-CPG) was activated wxth the 
following heterobifunctional reagents: (1) 
bromoacetate (BrAc-NHS) ; (2, succinimidyl xodoacetate no- 
ne,, (3) succinimidyl 6-( (iodoacetyl) amino) hexanoate (SIAX) , 
; ( 4, succinimidyl 6-(6-( ( (iodoacetyl) amino) hexanoyl) amino)- 

* r«™«. - and (5) succinimidyl 6-maleimidylhexanoate 
hexanoate (SIAXX) , ana l»J _ p _, rate 
(EMCS). The activation reactions were earned out in separate 
reaction mixtures containing: 0.2 m« oligonucleotxde; 0.25 « 
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Na borate, pH - 8.3; 40 ^ of one of the five NHS esters listed 
above; 24% acetonitrile; and 24% DHF r ° typically xn a total 
volume of 200 ML. The reaction was incubated at 25-C for 30 
ttinutes, and the resulting modified oligonucleotide was 
desalted on a G-25 spin column (unbuffered water) and «™ «•* 
without further purification at a concentration of about 100 i&L 
(determined spectrophotometries^). Polyaerylamxde gel 
electrophoresis assays after quenching with a fluorescent thxol 
^icated that about 75% of the oligonucleotides were modxf xed 

in the reaction. . , . 

The modified oligonucleotides were applied at a 

concentration of about 100 „K in unbuffered water to a freshly 

photolyzed thiol-containing slide prepared as described xn 

^le 1. About 5 ^ of each oligonucleotide were applxed to 

each well on the slide. "Che wells were created on the slxde 

using a twelve well template with O-rxngs to seal the template 

to the slide. After each oligonucleotide was added to a well, 

about 5 of a buffer solution composed of. 100 mM HEPES, P H - 

8 0 5 mM EDTA, and 5 mM OTAB (dodecyl trimethyl ammonium 

bromide) were added to each well to initiate the reaction. The 

reaction mixtures were incubated at room temperature for four 

hours in the dark, and then the wells were rinsed with water 

and the slide was removed and washed in a solution composed of 

2% SDS in Tris-buffer at pH = 8 at 65°c overnight. The slxdes 

were then washed with water and ethanol. then dried. Surface 

fluorescence on the- slide was then imaged using a scannxng 488 

nm laser induced fluorescence microscope. Average fluorescence 

intensities per pixel in the immobilisation sites were used as 

a measure of oligonucleotide binding (covalent couplxng to 

surface thiols) . . n 

The results of the scanning are presented graphxcally 

in Pig. 1. The results show that none of the haloacetyl 

activating groups enhanced binding significantly above the 

background non-specific binding but that the malexmxde 

activating group (EMCS) enhanced binding five-fold over 

background non-specific binding. These results do not xndxcate 

that the other activating groups tested (including cyanurxc 

chloride, tested in a separate experiment) are unsuitable for 
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coding « the substrates of the invention but 
indicate that of the activating groups tested, the aale^ide 
activating group is preferred under the conditions employed. 

Hn„ r ~* M^imi^-actjvated Oligonucleotides 

^ e.^ a ^ su rf, re ~ E ffect of Virions yuidttiv- 

This example shows the results of the additxon of a 
variety of additives on the coupling efficiency of a malexmxde- 
activated, 5 • -f luoresceinated oligonucleotide to thxol- 
derivatized slides. In this example, the 5 -fluoresce xnated 
3 .-C6-amino oligonucleotide was activated with suocxnxmxdyl 6- 
^eimidylhexanoate and applied to a freshly photolyzed slxde 
as a solution in water in substantial accordance wxth the 
procedure set forth in Example 3. 

- Each different additive was added to the coupling 
initiation buffer (100 mM HEPES, P H = 8.0, 5 mM EDTA, and the 
additive). After the coupling reaction, the slides were washed 
and scanned as described in Example 3. The results of the 
scanning are presented graphically in Fig. 2. The results show 
that the anionic, zwitterionic, and neutral detergents dxd not 
appear to enhance coupling efficiency; the salts TMAC 
(trimethylammonium chloride) and LiCl gave a moderate 
^cement in coupling efficiency; and the cationic detergent 
DTAB caused a large enhancement in coupling effxcxency at 
relatively low concentrations (2.5 mM; at hxgher 
concentrations, greater than 10 mM, the oligonucleotide 
precipitated) . Other additives of interest include compounds 
such as spermidine, spermine, polyamines, polyethylenexmxne, 
and other cationic detergents similar to DTAB, and other salts 
similar to LiCl. 

Temple 5 

^^ aga£igjl _^ flugl ^ ln ,„ T-nMllT~1 OTi gonucneotide 

Two glass slides prepared in accordance wxth the 
procedures set forth in Examples 3 and 4 were tested for 
ability to hybridize specifically with a complementary 
oligonucleotide. The two slides differed with respect to the 



10 



15 



20 



25 



30 



35 



PCT/US93/03767 

WO 93/22680 

26 

additive present during the coupling reaction; one slide was 
coupled to oligonucleotide in the presence of LiCl, the other 

in the presence of DTAB. . . 

The slides were prehybridized individually in heat 
sealed bags at 56-C with a solution composed of 6X SSC, 6X 
Denhardfs solution, 0.5% SDS, and 1O0 /ig/mL of sheared, 
denatured, salmon sperm. DMA. The hybridization reaction was 
carried out at 53.5°C (T M minus 5°C) in prehybridization buffer 
containing 1 pmole of a 32 P-end labeled 60mer probe (specific 
activity of 1.5 x 10 8 CEM/ftg) containing a 30 nucleotide 
segment perfectly complementary to the covalently coupled 
oligonucleotide probe. The hybridized slides were evaluated in 
a beta plate counter and by autoradiography. 

The results showed that the labeled probe hybridized 
specifically to the covalently coupled oligonucleotide with 
very little background- 

sample 5 

^ v ^i za ^ * wncle ^ to Oliaomicleotide-derivatized 

pihgbra-fce Surface 
The slides hybridized to labeled probe in accordance 
with the procedure of Example 5 were washed three times with a 
100 -C solution of 0.01% SDS. The slides were then allowed to 
expose XAR film overnight at -70 "C to determine whether the 
labeled probe had been removed. The results showed complete 
removal of the probe from all but two sites, which showed only 
weak signal. 

Rehybridization with the labeled probe of Example 5 
was carried out using the Stratagene Qwik-Hyb™ hybridization 
accelerator solution following the package insert directions. 
Other hybridization acceleration reagents that can be employed 
in the method of the present invention include Al protein, RecA 
protein, SSB, dextran sulfate, ficoll, phenol, and detergent. 
Prehybridization was carried out for 15 minutes at 53.5°C, and 
then 100 in, of 10 mg/mL salmon sperm DNA was added to the 
slides together with 10 f£L (one pmole) of the labeled probe. 
The hybridization reaction was carried out at 53.5-C for one 
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hour. The slides were washed and then allowed to expose XAR 

film overnight at -70 °C 

The results showed that the slides to which 
oligonucleotide had been coupled in LiCl gave an even stronger 
signal than after the first hybridization and that the slides 
to which oligonucleotide had been coupled in DTAB gave a weaker 
but still clear signal than after the first hybridization. 
Both slides showed very little background signal. 

Example 7 

c r ^f^ HvbT-idi z*fi"n of Nucleic Acids to immobilized 
m i gnrmcleotj de Probe Array 
A slide prepared as described in Example 1 is 
photolyzed under dioxane and then rinsed with ethanol and dried 
under a nitrogen stream. The slide is clamped to a template 
that forms a well over the photolyzed area, and 20 /tL of a 
100 /iM solution of 3'-EMCS-activated probe CAP2 
( 5 ■ -CCAACTCTTTTTCCGAAGGTAACTGGCTTC [SEQ. ID NO. 1]) in 
unbuffered water and HEPES/EDTA/DTAB buffer are added to the 
well. The slide and template are then incubated at room 
temperature for two hours, the reaction is quenched by the 
addition of N-ethyl maleimide, and the slide is rinsed 
liberally first with water and then with dioxane. The slide is 
then re-photolyzed to activate a different region on the slide 
and then coupled to 3 « -ECMS-activated probe CAPS <5»- 
GTTCCGCAGGTTCTCTCG— GTCAGTCTGTGC [SEQ. ID NO. 2]). After the 
coupling reaction is quenched as before, the slide is rinsed 
with water and then washed for 12 hours in a 65 °C solution of 
2% SDS • 

The slide is then hybridized to a first labeled 
target nucleic acid complementary to probe CAP2, and the 
specificity of hybridization is determined. The slide is then 
washed to remove the labeled target nucleic acid, and a second 
labeled target nucleic acid complementary to probe CAPS is 
added, and the specificity of hybridization is determined. The 
results demonstrate that the methods and reagents of the 
invention provide a very sensitive and specific assay for 
target nucleic acid sequences. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION^ 

m APPLICANT: HcGall, Glehn H. 
(i) a?^^»* Fodor, Stephen P.A< 
Sheldon, Edward L. 



(ii) 



(iii) NUMBER OF SEQUENCES: 2 

(iv> '- aSSS sjk*— . — • — - 

(C) CXTY: San Farancxsco 

(D) STATE: California 
(E| COUNTRY t USA 

(F) ZIP: 94105 

, v v COMPUTER READABIX FORMt 

(Al MEDIUM TYPE: Floppy disk 

rvil CURRENT APFLXCATIONDATA: 
1 t JUAPPtlCKIION NUMBER' TO 

(B) FILING DATE: 04/2H/92 

(C) classification: 

(B) TELEEAX: 415-543-5043 

(2) INFORMATION FOR SEQ ID NO:l: 

fil SEQUENCE CHARACTERISTICS: 
{ (A) LENGTH: 30 base pairs 
(BY TYPEi nucleic acid 

(C) STRANDEDNESS : sxngle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TXPEi DNA Cgenomic) 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:l: . 

ccAAcrcrrr ttccgaaggt aactggcttc 



SUBSTITUTE SHEET 
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(2 , INFORMATION FOR SEQ ID NO:2: 

fB TYPE: nucleic acid 
? STRANDEDNESS: single 

(D) TOPOLOGY: linear 
MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID W»2« 
GTTCCGCAGG TTCTCTCGGT CAGTCTGTGC 



SUBSTITUTE SHEET 
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WHAT IS CLAIMED ISt 
1. 



A A method for forming predefined regions on a surface of a 
solid support, the predefined regions capable of selectively 
immobilizing a biological polymer, the method comprising: 

a) attaching to the surf ace a compound carrying a thxol 
group, which thiol group is covalently coupled to a 
photochemically removable protecting group; and 

b) selectively irradiating the predefined regions of the 
surface to remove said photochemically removable protecting 
group from said thiol group in the predefined regions. 

2. The method of claim 1, wherein said solid support is 
selected from the group consisting of polymerized Langmuir 
Blodgett film, functionalized glass, Si, Ge r GaAs, GaP, Sx0 2 , 
SiN 4 , modified silicon, CpolyJ tetraf luoroethylene and 
(poly)vinylldenedifluoride solid supports. 

3. The method of claim 1, wherein said photochemically 
removable protecting group is selected from the group 
consisting of 6-nitroveratryloxycarbonyl, 

dimethyldimethoxybenzyloxycarbonyl, nitrobenzyloxycarbonyl, 
5-bromo-7-nitroindolinyl, o-hydroxy-alpha-methyl-cinnamoyl, 
methyl 6-nitroveratryloxycarbonyl, methyl-6- 
nitropiperonyloxycarbonyl, and 2-oxymethylene anthraguinone, 

4 The method of claim 1, wherein said solid support is a 
functionalized glass slide and said photochemically removable 
protecting group is 6-ntroveratryloxycarbonyl. 

5. The method of claim 4, wherein said functiohalized glass 
slide has been functionalized by treatment with t-BOC- 
aminopropyltriethoxysilane . 

6. The method of claim 4, wherein said compound carrying a 
thiol group is nitroveratrylthiolpropionate. 
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7 The method of claim 4, which method further comprises 
coupling an activated oligonucleotide to said thiol group xn 
said predefined regions. 

8 The method of claim 7, wherein said functionalized glass 
slide has been functionalized by treatment with N-BOC- 
aminopropyltriethoxysilane and said compound carrying a thiol 
group is nitroveratrylthiolpropionate. 

9 The method of claim 7, wherein said activated 
oligonucleotide has been activated with succinimidyl . 
6-maleimidylhexanoate . 

10. The method of claim 8, wherein said coupling step is 
carried out in the presence of a cationic detergent. 

11. The method of claim 10, wherein said cationic detergent is 
DTAB. 
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